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Introduction L Lake is a 400-hectare (1000-acre), man-made reservoir located in the southeastern quadrant of the Savannah River Site (SRS). The lake, constructed in 1985, was created by impounding the middle reaches of Steel Creek. When completed, it served as a once-through cooling reservoir for L Reactor. L Reactor was refurbished in the early 1980s and was restarted in 1985 after 13 years of shutdown. The reservoir's purpose was to limit the thermal damage to the lower reaches of Steel Creek caused by secondary cooling water releases.
The operations of P and L Reactors began in 1954. Secondary cooling water pumped from the Savannah River, through the reactors, and discharged into Steel Creek increased the natural flow rate of 1 cubic meter per second to a maximum of 24 cubic meters per second. This secondary cooling water was released at temperatures as high as 70 degrees centigrade (158 degrees Fahrenheit) to SRS streams. P-Reactor cooling was diverted from Steel Creek to Par Pond in 1963, and L Reactor was placed on standby and shut down in 1968 (Tinney et al. 1986 ). (Brisbin et al. 1974; Gladden et al. 1985; Carlton et al. 1992) .
During the construction of L Lake, soil removed from the stream bed and floodplain of Steel Creek at the dam site was placed in a planned waste containment pit. The dredged soil was allowed to dry, then leveled and covered with 1.6 meters (m) (5 feet) of clean soil (Zeigler et al. 1985) . Approximately 46,400 cubic meters (1.6 million cubic feet)
Distribution of Radionuclides in L-Lake Surface Sediments Phase 3 (lJ\ of contaminated soil was removed from the dam site. Although only the upper 1.2 m (4 feet) of stream bed material was considered to be contaminated, the stream bed was excavated to a depth of 3 m (10 feet) (Gladden et al. 1989 ). This contaminated soil was estimated to contain 0.2 curies of cesium-137 and 0.02 curies of cobalt-60 (Zeigler et al. 1985) . The buried waste containment pit was covered by the reservoir when the lake was filled (DOE 1984) .
In 1985, prior to the filling of L Lake, EG&G Energy Measurements, Inc. (EG&GEM) used aerial gamma survey measurements to establish a baseline radiological survey of the Steel Creek drainage basin. Gamma maps of the area, created from the EG&G overflight data, confirmed the deposition of man-made radionuclides in the Steel Creek stream bed (Feimster 1992) , which was subsequently covered by the reservoir.
In response to the need for a full-scale contaminants screening study, a four-phase sampling program was established. This program was designed to develop a complete and defensible list of contaminants for L Lake and to identify all contaminants of concern (COC) in the sediments of L Lake. During the summer of 1996, the Savannah River Technology Center (SRTC), Environmental Sciences Section (ESS) established and conducted a four-phase program to characterize the current spatial distribution of radioactive and metal contaminants in the sediments of L Lake. Phase 1 of the program sampled surface sediments to identify radioisotopes and metals and determine their concentrations. Phase 2 used vibracore technology to penetrate the surface sediment and provide deeper core sediment samples from the L Lake basin. Phase 3 used a high purity germanium (HPGe) underwater gamma detector in-situ to examine gamma-emitting radionuclides in the surface sediments in order to assess the possibility of sediments redistribution from the stream bed and floodplain at the bottom of the lake. Phase 4 used acoustic impedance technology to map the distribution of floodplain sediments in the basin and to detect buried materials such as vegetation and floodplain sediment covered by a sandy overburden.
The purpose of this study is to begin an evaluation of the potential environmental impacts of reducing or eliminating the flow requirements to the SRS river water distribution system (DOE 1995) . There are no plans to restart L Reactor. Without input from the Savannah River, it is predicted that LLake would eventually drain because the watershed above the lake is not sufficiently large enough to maintain it. Allowing L Lake to drain is a costsaving option being considered by DOE. The sediment analysis provides definitive information on the contaminants in L Lake. This information will be considered in the decision on the future of L Lake. Phase 3 was completed in August 1996 and is discussed in this report. Phase 1, Phase 2, and Phase 4 tasks will be presented in separate reports.
Methods
Sample Locations
A Global Positioning System (GPS) roving receiver was used to record the sampling locations. GPS is a satellite-based navigation system developed to provide a consistent, accurate method of simplifying navigation and global positioning. The GPS receiver can determine its present position anywhere on earth with an accuracy to 15 m (50 feet). L-Lake sampling coordinates are designated as waypoints and are identified throughout this report by Universal Transverse Mercator (UTM) coordinates.
In-Situ Measurements of Radionuclide Distribution in the L-Lake Basin
Phase 3 used an underwater gamma detector for the collection of in-situ data from the lake basin. The measurements of gamma-emitting radioisotopes (primarily cesium-137 and cobalt-60) in surface sediments of L Lake were conducted from
Distribution of Radionuclides in L-Lake Surface Sediments Phase 3 (U)
May-June 1 1,1996. With the HPGe, the count rate is proportional to the radiation levels that were observed during the 1985 overflight when the sediments were not covered by water (Feimster 1992) Therefore, the count-rate profiles generated by the detector are appropriate for comparison with the 1985 gamma mappings.
Grab samples of the bottom sediments were also collected and analyzed with low-level HPGe gamma spectrometry in the Underground Counting Facility. The grab samples were taken to determine the incidence of man-made radionuclides present in the sediments at levels below the detection limit of the underwater HPGe detector. The goal of the HPGe sampling was to determine the edge of the gamma-emitting radionuclide (cesium-137 and cobalt-60) contamination in the lake bed and compare it with the contour established in 1985.
The overall equipment has been described in detail in Winn (1992 Winn ( , 1993 Winn ( , 1995a . The detector was lowered by a winch until its housing rested on the surface sediment. Two-minute counting intervals were made at 192 locations. At each location, the count rate of the 662 keV cesium-137 gamma spectrum was determined and recorded in the field. Geographic position measurements and depths were recorded.
Results
Underwater HPGe detector measurements of the lake-bottom radioactivity were conducted at locations shown in Figure l . The data from these measurements are presented in Table l , where each measurement is characterized by its location coordinates, water depth, and cesium-137 count rate.
Various quality checks were used to appraise the measurements. Locations with suspiciously low count rates were recounted after repositioning the detector to ensure that obstructions such as stumps did not prevent it from resting directly on the bottom sediments. After each measurement, any sediment sticking to the bottom screen was flushed away to prevent cross-contaminating measurements between sites. Before, during, and after each series of measurements, a cesium-137/cobalt-60 calibration source was used to assure proper detector operation; a total of 52 calibration checks were made during the measurements. All field results were reviewed and refined as appropriate at the laboratory.
The 1996 grid sampling within the old Steel Creek channel and floodplain was used to develop continuous computer-modeled isodose contours. These data were decay-corrected to 1995 and used with the 1995 underwater HPGe data from L Lake.
A surface modeling package (TIN or Triangulated Irregular Network) was used to create Figure 2 from these data.
Contour lines, or isolines, are used in Figure 3 to spatially represent the gamma dose from cesium-137 contamination as measured by the underwater HPGe detector. These 1995 isodose contours are distributed similarly to the isodose contours measured by the 1985 EG&G overflights (Figure 4 ; Feimster 1992 ).
All count rate data were decay-corrected to 1995. A dose conversion was performed (see Dum 1995) . All dose/point data were corrected to simulate an annual exposure of 15 millirem for a resident living on the lake bed. The resident was assumed to be in residence in a home that provided 20% shielding 350 days per year, 24 hours per day. The dose interval contours in Figure 3 were generated from known point data. The contour lines were interpolated between known dose/point data.
At the 76 locations in Figure 5 , sediment samples were retrieved from the lake bottom. These samples were dried and counted overnight or longer on either the 90%-or 166%-efficient HPGe detectors in the Underground Counting Facility (Winn et al. 1987) . These samples had cesium-137 concentra-
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Distribution of Radionuclides in L-Lake Surface Sediments, Phase 3 llJ1 tions ranging from 138 to more than 47,000 ders of magnitude lower than those for cesiumpicocuries per kilogram (pcikg). Cobalt-60 was 137. The cobalt-60 concentrations ranged from 0 the only man-made isotope observed other than to more than 800 pCi/kg ( Distribution of Radionuclides in L-Lake Surface Sediments
Phase 3 (U) Distributiotpf Radionuclides in L-Lake Surface Sediments Phase 3 fU1 Overall, the data show results similar to those from the 1995 survey (Dunn et al. 1995) , with cobalt-60:cesium-137 ratios clustering near 1-2% but ranging up to 6%. As before, higher ratios are found primarily in the vicinity of the L-Reactor discharge canal; however, three higher values were recorded within the old Steel Creek floodplain. It should be noted that the August 1995 ratios require an 8% decay correction for comparison with the 1996 ratios.
Three locations associated with the Steel Creek floodplain had high cobaltd0:cesium-137 ratios. Waypoints 38,43, and 68 had ratios of 4.7%, 6.6%, and 6.0%, respectively. Waypoint 43 is fairly close to the L-Reactor discharge canal and thus its ratio corresponds with previous results. However, waypoints 38 and 68 are near the north and south ends of the lake, within sampling regions that generally have cobalt to cesium ratios measured at less than 2%. No such aberrant ratios were observed Distribution of,Radionuclides in L-Lake Surface Sediments Phase 3 (U) 
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Phase 3 IUI in the 1995 survey (Appendix B). Since the present study had more than three times as many sediment samples as the 1995 survey, it may be that a larger number of samples provides a better opportunity to capture such anomalies. The 1985 overflight measurements were apparently not precise enough to locate such relatively infrequent variations in concentration.
Excluding the high ratios found at the L-Reactor discharge canal and the three high ratios in the Steel Creek floodplain, the remaining 57 samples averaged a cobalt-60:cesium-137 ratio of 1.47% f 0.06%, which, when decay-corrected to 1995 concentrations, yields a ratio of 1.59% k 0.07%; this correlates with the 1.47% * 0.08%, measured for August 1995 (Dunn et al. 1995) . Uncertainty in the 1996 value can be attributed to including the larger minimal detectable activity values in the calculation of the average (causing the value to be higher), while at the same time omitting the high,outlier values from the Steel Creek floodplain in the calculation of the average (causing the value to be low).
The underwater HPGe detector did not count long enough to detect the lower cobalt-60 activities and produce a count-rate contour map; however, a map of cobalt-60 concentrations was produced from the 1985 overflight data (Figure 6 ; from Feimster 1992) . Overall, the cobalt-60 and cesium-137 contour maps are similar. This is consistent with the relative uniformity of the majority of cobalt-60:cesium-137 ratios of 1-2% shown in Figure 5 . However, an exception to this is noted in the vicinity of the L-Reactor discharge channel, where the observed cobalt-60:cesium-137 ratios range up to 6%.
The 1995 and 1996 measurements of cobalt-60 and cesium-137 ratios appear to be consistent with the 1985 EG&G overflight results. The 1985 overflight results show relatively more cobalt-60 than cesium-137 near the L-Reactor discharge canal. This is consistent with the observed cobalt-60ke-sium-137 ratio (based on 1995/1996 data) ranging to 6% near the discharge canal.
Most of the activation products released into SRS surface waters were transported directly to the Savannah River, although some cobalt-60 was deposited in stream beds, floodplains, and reservoirs (Gladden et al. 1985) . L-Reactor basin purges were discharged to Steel Creek, L Lake, and a seepage basin designated 904-64G. The estimated aqueous release of cobalt-60 from L Reactor to Steel Creek during the reactor's operational lifetime was 15 curies. Cumulative releases to seepage basins totaled 3.8 curies of cobalt-60 (Carlton et al. 1996) .
Dissolved cobalt is relatively mobile, but migration can be attenuated by factors such as pH and coprecipitation with iron, manganese, or organic phases within the contaminant plume. It is reasonable to assume that cobalt-60 may have preferentially accumulated near the L discharge canal.
Summary
This study was conducted on L Lake on the SRS. L Lake was created in 1985 to dissipate heated effluent from L Reactor. Water from the Savannah River continues to be pumped to L Lake at a rate of 1.5 cubic meters per second in order to maintain the current water level. Pumping river water may no longer be needed to support current missions at SRS. Hydrologic models predict that L Lake would eventually . . drain if the river water pumping system is decommissioned.
In order to assess and understand the environmental impacts of lowering the L-Lake water level and exposing surface sediments, a four phase L-Lake site characterization plan was developed and implemented. Phase 3 involved the in situ measurement of gamma-emitting radionuclides in the submerged surface sediments of L Lake. Surface sediment samples also were collected for higher sensitivity HPGe gamma spectrometry in the Savannah River Technology Center. The gamma spectral analysis results for all collected ratios are found primarily in the vicinity of the Lsediments and for all L-Lake measurements with the Reactor discharge canal, but some higher cobaltunderwater HPGe detector are included in this re-6O:cesium-137 ratios also are evident further downport. The L-Lake cesium-137 activity is primarily stream in the submerged Steel Creek floodplain. located in the submerged Steel Creek floodplain. The These data are made available for a baseline risk ascollected sediment data show most cobalt-6O:cesium-sessment to evaluate potential human health risks of 137 ratios near 1-2% but ranging up to 6%. The higher exposure to LLake sediments.
